/ / - 


- '?Zl 


f 


Dear I 

As a result of our discussions on 21 August 1973, I am propos- 
ing a three phase program designed to: 

(1) Establish the effectiveness of electric fish in detecting 
foreign objects at a distance; 

(2) Determine the methods used by electric fish for ranging 
and location; and 

(3) Design equipment systems suitable for replacing electric 
fish in terms of targeting foreign objects. 

I am enclosing a summary of this program. Phase I of the 
program described herein will correspond to "Phase II" of the program 
described ) however the tasks have been modified 

somewhat to better serve the needs of the program. The remainder of 
the present contract will be used to assess necessary parameters of the 
electroreceptors system in Gymnarchus and Gnathonemus. Both of these 
fishes would be used in the Phase I and Phase II of the program recom- 
mended above. 

I am also enclosing a more detailed description of the experi- 
ments to be performed in Phase I of the proposed program and an 
example of the type of experiments that are appropriate in Phase m. 
Details on Phase n would depend strongly on the results of the Phase I 
investigation. I hope that this proposal meets with your approval. 

Please let me know if you can recommend any added experiments or 
studies which would aid in the development of a prototype hardware 
system. 

With best wishes, 
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A PROPOSED THREE PHASE PROGRAM 
TO DEFINE HARDWARE ANALOGUES 
OF ELECTRIC FISH SENSOR SYSTEM 



PHASE I 


/ estimating the effectiveness of electric 

FISH IN DETECTING FOREIGN OBJECTS AT A DISTANCE 

Perform psychophysiological experiments using different kinds 
of electric fish in restricted water so as to estimate their ability to 
identify the existence of foreign objects in this water taking into account 
electrical discontinuities imposed by the boundaries of that water and 
the foreign objects placed within it. Specifically, consider the fish as 
a signal generator and receptor and the use of auxiliary signals which 
replicate the fish's signals and other signals of specific interest. Com- 
pute the expected behavior of such fish in open ocean or fresh waters 
given typical boundary conditions with respect to depth, topology, in- 
homogeneity of the water, temperature, and other applicable parameters. 
Summarize these findings in terms of the ability of these fish to identify 
foreign objects in a harbor or other natural body of water of interest, 
foreign oojects such as small submarines, torpedoes, scuba divers, 
skin divers, mines, and others. 

More explicitly, determine the sensory capability of individual 
electric fish in terms of their ability to sense the existence of foreign 
objects as a function of range, fundamental area, volumetric displace- 
ment, differential discontinuity, and so forth. In this regard, use a tank 
of water at measured temperature and electrolytic conditionts. Retain 
a fish near one point and insert in the water various objects, discerning 
the different behavior of the fish as these objects are inserted by con- 
currently monitoring the electrical field within the water. Specific levels 
of background noise will be introduced by using a noise generator and 
measuiing the noise amplitude in the tank. Experiments will be per- 
formed under normal and extreme noise conditions. From these results. 


1 



calculate the estimated behavior of such a fish in detecting an object in 
an infinite water domain and large scale waters with various boundary 

f 

conditions. 


PHASE II 

DETERMINING THE METHODS USED BY 
ELECTRIC FISH FOR RANGING AND LOCATION 

Perform detailed experiments wherein the particular character- 
istics of electric fish are related to their abilities with respect to ranging 
and location. Particular attention will be focused upon the use of phased 
arrays of receptors, the fish’s ability to determine incremental time lags 
in the signal, the estimated spectral properties of the signal, the fish’s 
ability to modify the transmitted signal as a reflection of knowledge gained 
from previous receptions, and so forth. Interpret these findings in terms 
of specific schematics and data analysis required to synthesize models 
of the fish's capability, models which when reified would provide signal 
advantage over the state of the art with respect to such a target as described 

above. 


PHASE m 

DESIGN OF EQUIPMENT SYSTEMS SUITABLE FOR 
REPLICATING ELECTRIC FISH 
IN TERMS OF TARGETING FOREIGN OBJECTS 

Design, fabricate and test experimental apparatus suitable for 
replicating the above -referenced models. Perform experiments with 
this apparatus so as to improve its ability in various regards. Make 
a specific comparison of this capability to that of an electric fish and 
estimate the utility of such an apparatus in terms of operational situations. 
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COST ESTIMATE 


PHASE I T ’- $ 
PHASE H - $ 
PHASE HI - $ 


6 months 
1 year 
! 1 year 
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I. 


WhVr WE HAVE LEARNED FROM INVESTIGATION OF ELECTRIC 
FISHES AND QUESTIONS WHICH STILL REMAIN 


/ Electric fishes have specialized electric organs: (1) transmitting 
organs which transmit electric signals modulated and coded in specific ways 
and (2) receiving organs (electroreccptors) which are part of the lateralis 
system and detect either (a) discontinuities in the electric field generated by 
the transmitting organs when the fishes use an active detecting system; (b) 
changes in the electric field generated by the authorhythmic electroreceptor?, 
when the fishes use a passive detecting system and (c) electrical signals 
emitted by fishes of the same species or of other species, even nonelectric 
fish which still produce an electric field resulting from their muscular activi 
duiing swimming. All this means that electric fishes can navigate, detect, 
locate and identify living or nonorganic matter and can communicate under- 
water by means of electric signals and/or electromagnetic detection. The 
electric power involved is very small. Some of the electric fishes have 
built-in a jamming avoidance system. Most of them can extract a signal fro: 
a noise that is significantly higher than the signal itself. ~ 


ists work, 


I and from the data we have from other scient- 
we concluded that unique methods of detection and communication 


are peculiar to some electric fishes, which could significantly improve our 
technology if properly applied. 


In the appendices to this chapter I summarized the results of the 
research I have done so far on electric fishes 
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Or.c hundred thirty-six fresh water and marine electric fishes were 
classified; £2 fresh water fishes and 54 marine electric fishes. We 
collected and correlated data scattered through magazines and the few 
books having some cluapters on electric fishes and data from our own 
cx .. • • W e i.o.ea b*.e o. s-j c ^ .. . c . o e u 

maos showing their habitats. 
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diseases of the electric fishes were studied. We found a 
rare for the ulcer-iike shin disease of Electrcphorus (pubi. Nature, 
January 1S64) (a cancer -type of skin disease). 


Tne anatomy of the electric organs of Electrcphorus , Malapterurus, 
Stc-ntogcnys , Sterner cans, and Gym actus carapo was studied. 

Zistclcgical preparations were made of the electric organs (I-Iematoxyiia- 
Zosin staining) and of the eiectroreceptors in the skin of Electrcphorus 
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scope* 
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^ auu s giti 1 1 v c o dy 

oloctric fishes v/cre studied end classified* vlllectropdorus electricus, 

C y rn no tu s carapo , Sternarchus albifrons, Eigenmannia troscheli, . 

Gr.athcr.emus petersii, Gnathonemus curvirostris, Gymnarchus niloticus 


and Malapterurus electricus. ) "Information Processing by Electric Pishes 
published in the Proceedings of the 1964 Keenest er Conference cn Data 
Accuisition and Processing in Biology and Medicine, K. Enslein editor. 

Per ?ancn Press, 1965. 
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3. Behavior experiments v/ere performed with Sternarchus albifrons, 
Electrcphorus electricus , and Gymnarchus niloticus. 

7. Proof was brought about the communication ability of electric fishes. 

Their sensitivity to electric and magnetic stimuli was checked. 

S. Exact measurements were made of their discharge; and curves were 
traced for the Elcctrophorus establishing the voltage, peak power, and 
average power of its discharge. Curves were traced alsopor voltage 
against iength of fishes and against weight of fishes. 

9. Experime.nts were performed, and the effect of dc currents on the electric 
signals of electric fishes has been established for Elcctrophorus, 
Sternarchus , Gymnarchus, Gnathonemus , and Malapterurus. 


:o. 


euect ox cnanges m t e m p e r a i u r e of the tank water on the frequency 
dc of the signals emitted by the electric fir. he. s was investi- 
gated and curves traced for temperatures from 18 e C to 28* C. 


and amoliiu 
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i.ie cii.oci oi antichoj. me esterase on the brain of Sternarchus was. investi- 
.t.*— x c**uii^v. i.i oe. .o* » . a frequency and amonzude oi tne 

signal emitted by the fish were studied. The acclimation effect at low 
t-p h'*' ttad mgr. ( o 0 0 C ) temperatures oi the tank water on Sternarchus 
albifrons was studied. Comparison with the anticholineesterase is made. 
(Paper presented at the AAAS meeting. University of California in 
uscr.-mi-ey; ccautnor wim Dr. hi. Baslow, University of Hawaii, Only the 
experiments conducted in our laboratory are mentioned here. Dr. M. 

cond^ctea omer experiments on -.Cii_yfisa and other fish at the 
University of Hawaii, his results are presented as first part of the 

pi esc...ea 2c x^ecemoor . b uo . } 
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xu. -i nypo.nesis aoout tne way electrcreeeptors of the electric fishes work 
was auvancoa, ana experiments were aevised to prove the hypothesis. 

— :-:p crime nts wim moving electrostatic and magnetic fields were con- 
ducted. We demonstrated that Gymnarchus niloticus is sensitive to a 


potential gradient of about O.CS -v/ i 
only half as sensitive. 


ma Sternarchus albifrons is 


15. 


IS. 


17. 


r.xtar native explanations ox some previous experiments were given in 
terms of this high dc sensitivity. 


An explanation in similar terms was given of experiments in which 
Gymnarchus niloticus and Sternarchus albifrons were trained to 
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stationary magnet. 


- r - 2 — ecnamsms availaole for the location of objects by electric fish • 
are reviewed.' It is concluded from the resuits of a critical experiment 
that Gymnarchus niloticus can detect objects by the disturbance of its 
own electric field in the water. 

—ussmarrs derivation of the approximate theory of this method oi object 

location is snov/n. The enect oi the receptors of the perturbing field due 
to an object depends on the electrical properties of the receptors. In • 
extreme cases, tne stimulation of the receptors is proportional either 
to the potential or to its second derivative. Graphs are given showing, 
the eixect of an ooject on the potential and on its second derivative around 
the surface of the fish. 
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18. Experiments are described using Gymnarchus niloticus which (a) con- 
firm that the mechanism of object location employs the detection of the 
distortion of the electric field produced by discontinuities in this field, 
and (b) indicate the limits of the sensitivity of the fish. 


19. The detection of the second derivative mode of its own emitted signals 
appears to be the most probable one operating in Gymnarchus . The ex- 
perimentally determined limits of detection are discussed in relation to 
the random noise in the receptors circuit. It is concluded that both spatial 
and temporal integration are likely to be employed. 
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Experiments were devised to zmd tne attenuation ana dis.or.ion oi 
signals similar to the ones emitted by electric fishes in underwater 
transmission, n is ciear.y prcvea tna. si^..^.is — zm a .s .o rt e ^ a. .a ...e.. 
snaoe is close to the aenvative oi tae original signal. In Ca^o we Ca.. 
oeviso a receovOr sys.e.*i c^-.i 6iiCO*iv. 
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23. The electric organs of Sternarchus albifrons, a South American fresh 
water weak electric fish, have been studied with emphasis on electro- 
receptors. The morphological and physiological characteristics of 
electroreceptors, ampullary and tuberous, were investigated. Special 
instrumentation required for establishing the role of these electrorecep- 
tors in object location, detection and identification has been developed. 


24. We have recorded with microelectrodes the autonomous autorhythmic 
electrical activity of the tonic asynchronous ampullary electroreceptors 
of the South American weak fresh water electric fish, Sternarchus albifrons . 
We have also recorded the electrical activity from the asynchronous 
phasic tuberous electroreceptors and of the synchronous and asynchronous 
ampullary electroreceptors of the same electric fish, Sternarchus 
albifrons. Preliminary measurements have been made. The auto- 
rhythmlc activity of the ampullary electroreceptors has been demonstrated. 
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The electroreceptors are part of the complex lateralis line system of 
the electric fishes. 

25. The other lateralis line system sensory receptors, like mechanical 
receptors and displacement receptors, have been discussed as part of 

a general hybrid object detection, location and identification and recogni- 
tion system of the fish. 

26. A study of the anesthetizing effect of tricaine-methanesulfonate (MS222= 
FINQUEL) on Sternarchus albifrons has been undertaken by plotting time 
for the anesthesia and recovery for different specimens. The anaesthetic 
does effect the pulse -rate and pulse -shape of the discharge of this fish. 
Anaesthetic other than "Finquel" which does not affect the electric fish’s 
electric organ pulse repetition rate has been found. Also, the effect of 
D-tubocurarine and the counter -effect of neostigmine has been assessed 
for Sternarchus albifrons. Finally, some improvements in the micro- 
electrode recording instrumentation have been made. 

27. We obtained some specimens of the African weak fresh water electric 
fish Gymnarchus niloticus. They are supposed to be the most sensitive . 
of all the weak electric fishes known. Together with two specimens about 
one foot long, we received a number of baby Gymnarchus nilo t icus about 
two inches long. The baby electric fish were infected with a Saprolegnia 
fungus and could not be saved, but we fixed a number of them in buffered 
formaldehyde and one of them has been cut and mounted in paraffin for 
histological studies of the electric organs. Preliminary measurements ^ 
have been made on the communication capability of adult Gymnarchus 
niloticus. 

28. The electric discharge of Malapterurus electricus, an African fresh 
water strong electric fish, has been measured in and out of water. Its 
electric organ can discharge bursts of impulses of 100 to 350 volts and 
currents to about 40 mA. In general they can put an electric power of 
about 1000 watts per kilogram of electric tissue (1 watt electric power 
per gram of electric tissue). From our investigation, it can be con- 
cluded that electric fishes could use their electric organs (transmitting 
and receiving) for navigation and communication — in other words, under- 
water object detection, location and identification using an electromag- 
netic system of detection. 

30. The physical analogs of tonic and phasic electroreceptors ftave been 
established. Both are represented by a generator connected to resis- 
tances and capacitances in series and in parallel. The difference 
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between tonic and phasic electrorcceptors is that the first ones have 
one resistance in series with the generator whereas the phasic electro- 
receptors have a capacitance. The tonic electroreceptors seem to be 
predominant, maybe like five-to-one, compared to the phasic electro- 
receptors. The electrorcceptors seem to act, to a certain extent, in- 
dependently of the main electric transmitting organ; at least two out of 
three different types of electrorcceptors are asynchronous and only one 
type of electroreceptor will synchronize with the main electric organ. 

It has been found that the complete denervation of the transmitting electric 
organ does not stop the activity of the asynchronous electroreceptors (both 
phasic and tonic). The fish is still capable of responding to conductive 
and nonconductive objects placed near the fish's body. It may affect the 
total capability in determining certain movements or impair, to a certain 
extent, its sensitivity in object recognition. Some of the synchronous 
tonic units are connected to one and the same nerve trunk part of the 
acoustico-lateralis system but connected to specialized big nuclei in the 
brain. 

The most striking fact about fresh water weak electric fish, besides 
their spontaneous electric organ, is that all of them are provided with 
a highly developed lateralis line system. Related to this acoustico- 
lateralis system is an enlargement of the cerebellum, especially in 
Gymnarchus niloticus and in mormyrids. The unusual importance of the 
lateralis sysfem in these fish, compared with other teleosts, is not due to an 
increase number of "ordinary" lateral line sensory organs, but rather to 
the existence of a great number of specialized sensory organs within this 
same system. This is supporting our hypothesis about a hybrid complex 
underwater object detection, location and identification system used by 
electric fishes in recognition of prey, predators, and navigation in general. 

It is recommended that the other lateralis line systems from different 
fresh water weak electric fishes should be studied with the aim to find 
out their role in object detection and navigation. 


* 
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II. 


CONDITIONING TECHNIQUES APPLICABLE TO THE ELECTRIC 
RESPONSE AND BEHAVIOR OF SELECTED ELECTRIC FISHES 

Summary 

A study described in this section is designed to identify the type of 
conditioning techniques (operant or respondent) applicable to the electric 
responses of selected electric fishes, with particular attention to those 
procedures which can be used to assess the "dynamic range” of the re- 
sponse with respect to major electrical parameters. Several additional 
behavioral studies of electric fishes are also described in some detail. 

Introduction 

It was mentioned in previous sections of this report that certain fish 
possess organs capable of generating electrical discharges; and, at least 
some of these, have electric receptors that are capable of detecting and 
discriminating among different patterns of discharge. This study is focused 
on determining the extent to which the electrical responses of selected specie- 
can be brought under the control of respondent (classical, Pavlovian) and/or 
operant (instrumental, Thorndikian) conditioning techniques. (Skinner, 1 
and Keller and Schoenfeld. ) 2 The results will then be examined to determine 
whether or not significant relationships exist between the type of conditioninrr 
operations which are applicable to a particular response and physiological 
data concerning the structure of the organ, the type of tissue from which it 
y/as probably derived, the type of neural innervation and control evidenced, 
its electrical characteristics, and its functioning. 

These questions are of considerable interest in behavior science. 
Viewed as operational definitions (Feigl^ and Frank^) the two sets of con- 
ditioning operations subsumed respectively by the labels, "operant condition- 
ing” and "respondent conditioning”, are clearly different. The controversy ii 
the literature of the last decade or so concerning the kinds of learning which 
exist has not usually been at the level of experimental procedures and re- 
sults (i.e., of operational definitions) here assumed. Instead it has con- 
cerned such questions as the possibility of reducing both types of conditioning 
to a common, usually unobservable, intervening or mediating process; with 
the nature of the postulated process; or, with the type of theoretical formula- 
tion (Estes, Koch, et. al.)5 considered most promising by the particular 
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anatomical information. 

nmee it would not be feasmle v. ^ icCauCc *-a rce XAaVe^tipcAUAOax c v 3 . y uuib - 
ditto rir'* operation in each of the two sets, empra sis srouie be piaceo on 

0 ‘ , ... , a T- II • » M • A . 

bkkWMV tirOCCbabba'iwO tv AAA C a A C Call wO U» it? 0 Wa bO laidCoO hik. ^ ~y bbCbAaalC X U*lj| Va O X Caa W 

response m oner case. *.*013 viol mvoAVc o c . c r . o *. r. . r. ^ r*wu o O aV the moa*. 
and distribution, but also the maximum and minimum values of major response 
parameters, cotr m tne tree s «.a » e a*aO u».dca Ubkbt.k 4 Ub/*£ iOa ms uaau cic^. cos o. 
c.tv i*r o nm e.nt ao ana oe.tavioral con^rOi. is uiu Uk>bbi..r* 3 d ±n whis Wt xy Ca.i c*.l m- o *j e 

Cb/4 A bkababC W k‘/ A A a A 444*Oi aaA Ca b 4U44 (atJU Ub b . A 0 Sv* AklbUb Via bAaabA a 1*4 a V b aU 1 bAil^ Oa 44 *e A UOywCb aV t 

c.viCbt aC or pars . a tie ca^a w aa a ui&u o e a c.cv **..a * vO w.r SxA*uy Ox ^ ccc^bO. 

a/A wCwwSw^. 


5 sect tv' v 


W a 

oi cornibic nxr^ oporabxons a o u r a appliCvAOxc aa*c w^/pc o. hlLa 0 a*abiA^ulbXA 
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U w w <j *»i v' * * w w> j V« *4 

r’ 


wWw 0 *»v* — w «^*«W Wka.UA wC *4»/fcCu V**w«u W*.w r 0 A, U b 4 0 i« J i • 1 


uCv •/ oon *i\ c *\v o c*uwii>os w. C 0 t*cfcitfc 0 it.oc^ a ncl t/io two itt o j o t* sizodvisions 


a ■•*%« ** %» W« « V * * * k« O ^ %4 a M* O j 1 O . U* .a * 


U**t>i**Wa*>JI *«> l*Ol( Ok* 1»4«C^A i«* OiA4 V Oi 


Fkrv*iuV 4O* y i«so*4| Ci c / V** ui iz« it is rCiUzcr ut tnc 

mw » w* !**• v tju kk.vj.uij.jvj c o w v «\ Cw*t vZ«v *v/o c ^ ciro*. io no^^y cisi^not sc.s 

C* w^..w*k*0...i. (3 pOvj C G w C \V/ZlxCl*, uZ*^ JlO-Tt 01 GOalOVLOI* lltG Cl^Vy 0*10 O SCI G 1 
• *— C*w w«. %««C .^.4'J4 ^ 0 j o . «4 «aC C 4 0 ir4iwi.4j \v *«*C*1 c»OC COGultlCGcC 

(which facts arc not a part of behavior theory). Data pertaining to the "dynamic 


II 


*,i» iu«c C0kO**.*.inco in *h o oi *voowo o*r zrcoci*y osccz*toinol)lc locts 

*4*W • C«i W *• V C C*CCk4 4i 0 _ h«44 aC* • 


y*i ^ - r v 


WaV .«W». £.«. ItCbCC** U**l 


The behavioral research should be executed 


:n two stages, me tirst 


*...w Cw.-w^Oi'y o-. wC.*u-.‘. w-w m oy o p w i"* ot ions 


w «M4* *^v Ui»vU 4 4/ W w»«b* U* 444 C J*CiU*4 4 U • C O W « 

* . ^4 . . « X.* D - ~ J ^ . H ^ _ _ _ ; _ ^ _ 

•» «.»»w a.*- • W.a.ab Co.*». Wa U *«> W <* m W a, a.aSw U* a * C.. * a a C <4 M« 4 


•vi.x consist ci 

U * »«4^ * C A ^ O 4 4.3 O • 


mJ W » V. a. _ . i .1 4 . C . a .Uik Va/a Vliw 


* • * 4a C*4 4 Ua S C d 4 O C 4/ x VI 4 X ®'.\ a O A C.a G 4lt>* W 4. II It . Va> 4 4 4 2 *“« l* a W- 4.4 C» •«/ • C 




r-V. .* _ .... .. a 

• W 4 , 1 -^*-. 

*w«* 3 jCw*Cmi 


we.* invo.vo answering t.i. 

tltiU C&W44 4k Ob v> U >4wC* 


w *U**w\V44i 


c*o se^y rOi. ot c q cucstioits 


/ 4 b • ** W C' a V W k 4. akaiWk^. • CwJWkibC U*Jta kaa 


. ^ * 
*W4 Vp* a 




c«ad s Ox unco no. 


lonso st 1 


'Cl.CZC to 

o 


C* U*bCuVW* iXiJ * C 




■*** c*.s irGSywk.bo^ uO conotu*.o**co ui db »n^ rcbbuncdv ^clossicoi.^ ? s 


.V^GVl^lt, 


... W..S 


1 o Cv>*.a..i».o*.co >-.4b .4. ^ o^/w* c**4i. ^ vOtirtt oziba^j Jk. nozrno^K.^.o../ 


.k. -Co ? 


— ..C. J. Uk.Cuk 


res employed to answer these questions will include th< 


.owing: 


tt 

.. .-vC O.Jw. Oki... 


The "spontaneous" emissions of the fish have to be studied under 
the range of environmental conditions (temperature, light,* sound, 
electromagnetic shielding, etc.) in which the subsequent conditioning 
studies will be undertaken. (Ferster; 19 Schocnfeld, Antonitis,, and 


-iersn: 20 Pi eec ^21) c ;; £tr .y ou - ^ on OI - a ^i 

parameters, including occurrence in time for the non-continuous case. 


11 significant response • 
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will be obtained. Since the responses of szrong electric fish may 
not occur as free operants (i. e., in the absence of specific 
eiiciiing stimuli), the bulk of these data will probably concern 
parametric variations m me continuous emissions ox v/cau cicctnc 

,*i p* ^ ^ • *■ ^ p“ ”• ' f-v »* ” «“ “*<• ». • i p .1 •• | V C jJ. ><*•#. ^ 1| » * ' ^ .« . , « - ' 

* — • • • *-> WaatW U »*a* O «> lii W» » *V »* a. k* W * C k* k* « M k C H ^ C Uw M A 

in determining the nature and degree of experimental control 


• •WWWaS<Jk*A ' l»U V<t*lSc«* C 

v- > p. c • * ^ p' itk r* 4 c 

• W V* O M a ViiaVuOt 


Cu J* L* V« d»W *0 4. 


mC tAk I^C«4k»V M* 


nross or general activity oi me :isn. 


r*i i I * t f 


M WSi^aaaa aaaiaWUa 


or "general" activity of the fish has to 

O kh W • w> «a< it Caa.* W a'a V V * a«a*daab has OUC>Oa 0 a*d 


jS rocordca on 


* * * W • » aaaW » CaaaW tak J ^ + A * 4 a»«^ atakaMUlt.^ b «4 W ^ W o ♦ 


• « Ww v/y C* M aak ^ k kaka ^ « 

wV/.kWaak J CO UaU S CaTV W 


'a ••“O 

■- 7 " * ^ %* O' ‘ "* *' ,T. ~ "* V““* ^ 

W>*U.« ^ W*y Ck.« U. MaaU 4.4*w» 

k» UwViCw AUA k««4<D «JUA OOoC« 


• * • W.aaaaOtaXaaa^J GO to •• k> k>aa O •••*»/«)• O a* ai* C V klU •• V to* atka aaaVtoaaCaato tototo ’? (* W ■* 's m, fa \ 

and stimulation has been asserted to hold for certain Gym notion e 

will permit us to determine whether such a relationship exists and, 
if so, to specify its precise form. Other uses of this measure will 

w£ GViaont c kS 1O0 SwUCy pi* OCccGS. 


— * - o ww*.***to^^^ kO 1^0 p^ c w 0*4 M cC‘ V. ■ .* a. ^ o COX' C-.u,_^.y SCxGCvOC* w "* _* u: ~l«rc a 0 at 
»**V “ kaato^C 0* *«*0u«XA*ki^i3 AaiC OCk* toiaaaa W b* V ka* UC d AtlGV/tl a ^,a*> M U iC* V U 


v/iiai 


- v r >*. <n 


e recepzive capaouuies ci zae organism or c: special 


interest to the investigation. Variations in electrical resoor.se 


'3, m tr 


*v- ,■ 


& <r o 


r.eral activity measure,, and in other describable 


behaviors will be observed and recorded. Other techniques (Ash.23 

•• 1 ' * f* C 24^ Iff - 11 ’ ' ' 1 4*. -5 " — ' — — - V— . J > 

k»a*ka *.»W. Jk f, »V - * - V.. . w*. k* La W**W .taYUaJtoto^lUtoaUaa Ui UalC U itLi k »W .ak U 

crospoaccats vzCaroda associated wiza oacii sliratiiiis and mo 

Oto O kto44*U*uO CS 3k*toktobtoC O** Cto 4> 0 0 kbtab Ckild* kH Cktol L«iC £»3CtoZ*Ctoitoi 

response. 


e::eczs 

X 


Cr.c of the objectives of this step is the identification of neutral . 
stimuli which are suitable for use as "conditioned stimuli 1 ' in 
respondent conditioning and as "discriminative stimuli" ana "secondary 
reinforcers" in operant conditioning. A sufficient number of " primary 
reinforcin'? stimuli" will be sought for use in manipulating me strength 
of selected oocrar.ts. : 
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. . n 


Zm • 1 \7 W W 


» «w# MVV > 


• - — ' ■ ■ - ~ »•■* -v • 

»t4 W it { V> i • Vm» V • o Vo •*» V^ V • V» *• 


stirruti wmcn arc c a p >— o .. e o i c..c...-**g OiCc.i .c i Copc.iSC o* 
strong electric fish ana, possibly, o. proouemg variations m me 

a a at muons emissions ci won.i c.ct.nc - - s r. , pr .or .o any- c 0 

operations. Such eliciting stimuli retain their association wita tne 

A j'j.oCuVoOtt CAvo»*V<bvU>* C * • 


« wC» ■> 


UvS J*« v v * a v* 


»« 


..Uovluu *.iC C.vVtf V* oUCk*. — «— _T ';Oi.kje • 


^ v .« WW oooC VoMo^ VO » o/ V *vy.*v/ »< W Vo \i 0.0 Vo v.’^> V»*Vo 


w ^v>i< *<<w W.«*V>Wa«*V 


3 _ 1*12 * c 1*3 i^o sdocs* _z .**'wo.*i ca - ,% 2 i Cv* r* v» ^ we \\ ^ v..u 

c^o o^c’c m e cziirci2..i^iii.D O- ^iApofiCvtov co.ou.woCu**^ wO Ido uppooCe.k-'o.cj 

1*^ ^ J Wi> ^ 4 . ^ taoooj J^vlu jOik^Vr Coo>. >_/ W V^*oU»*oV/»»VVo Ooo ^o**« %**Vo O « o A s *«w**U| 

'J2 1 2. 3 l*23DCri32 \c* > SCO Cl C. I* c 0 vl S pw*..‘'2.^*-*.OCI*iC Vuo icaviO«.oCj o»i v-*c 

* . ___ II . ^ ^ ^ 

j ^ ,* U 0 U 3 CDS w/ 13 oOmDu • J wwCwo^ woS> «. ** ^^vo •** *»** w 

332 3-133 CI SCO Oil 1C C-.lCl-1-lC^ ^*..111—., 0*v.-C-. .oC.....v-v3 

W* 1.*. CoCD^^^ U I* b O O W Vv-O oW^ioV/**^ V 4 00.0 C*'u*Ok/oV v> oo V» P* O 

— r ' ' ~ ' r . - ’ ‘ \ 7 

Wo>V»*o.«C-»«.W». Vo-.* ^ # • 

— -- b - t 

w3 «oO 00.0^ W So/ * »*oW Vo.oC'.'ok.VsJ O o. -oo-V 

^ — 4 ^ . u - e# Sj V Vo C Coo A o V o j 4 V \ V W w ^ Vo o^ W 


1 CCS 3 V 1 w . o-o- 


;t 


W -^Vo'mxoo ~o'Cw^Wi4<«V;.ob C V Vj. -k-o^-/ J 

VoColoo WkiJoW vU C*«C VA w* o 2 jUiDOoMOoooy 

M O O V> oo * U VO V*oWoWO**n ^ voo«* Vo A M W A W A »• ■ 


W 3w» MV. - WWooO*. vW.oo.oo >0 .oo.W.ow. V.^ WO i.V.'.kU W .4. - W - W w , 

WowCvo'.WW.o Ivi VV**.Av •C > *V/Vm««o] m o a Vo j wC AV Wo”. Vo ooWo*o*OWW Wo.U.W»»»1 

^Dvo*DiI» .wCt.ot.v oowC* ooVo / V* vCv«* iuWCOw)* 


■^••0*4 w*.M V W V Cvo 40 W/^VV 

’ • f 

„W/ woo % «W -r * 


J W/ ooM V 


o o w'oo* 


— ' - ' * ww ^ 

132 -.I! 23 31111* 3 1CD..I *’ V/ wool CooCwvoT.C 4. .w**^ Ok.C Wuwow v.b*^vvv 


That a class of eliciting stimuli exists for the strong electric 


response m eacn species. l 3 av;.ovi_n prwcecures are r.crc.u. c 
likely to be found applicable. Nevertheless, the possibility 
that these responses are accessible to operant procedures shame 

Cmoo)^ ^ V V**w V«\CC« 


That the continuous emissions of those kr.ifefishes whose responses 
have been shown to be temperature-correlated may not be con- . 
ditionable. It has been suggested that the control centers for 
these responses may be isolated r.euroiogicaiiy from the neces- 
sary sensory inputs. However,. Ber.nct and Grundfcst 26 re pcrt 
a transient increase ia the rate of response in Gym notes carapo, 
one of the species used in establishing the temperature-fre- 
quency relationship, immediately following a tap on the tank. A 
syiiCr.ia.iC and ful..— sca-e c...emp. to co.. cation i..i^ 
indicated. 
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<u *t»W< 


V * 


W. >CC.CA 


in which frequency (end perhaps c;her parameters) is said to 


a e hi^***y v *x it* a. »— h o wCw^\*i«.y and 

* * • '<• * . •'•’ - *• ^ |*^ • • • *, ' ^ ^ ^ ^ »\ «••»'••* A A4 »-» * ^ ^ v* 1 • tf 

b* • 4 » */ («* W W^«*U«»»Wt<UV4C UtVU* l_A tlk* / t 




jl ne xa*j.ure o« «x 4*d 
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* * »• VmJI WM 4b WM 1 *0 ir 

« 4 • • 


>a* «. 4 b bri A A A - 4* 4 

• • » «• • < «■ ■ » • < , - . - . 

• • • — ■, - - •-“*•.•■•* 4« * .“> “s'** ■*■■» • 4A.- »■* •» v« Ai ••«•*» • /"» ,^1W* '* "’ A * »■ « 

• V/ 444 b bO** ^ 4 ^4 ■. *4 44 *•• V*C 4 O V W V • 44b 4 Uk/ 4 W 4 4 W »• 4*4 Q W 4 

rcia vjrce men «. “ a cOu^bSuCi.^ «. m a 4 n ^ 4 n H ne anir^ux icbu **ui.o y ~ ** 

iib'u 41 ib ui>wS 4 a ^0 neea *Oi C4*44 H iOib x * a ^ e . . w .. uiizUi^ x e s ua»d ovc* * c o 

W <4 W W £4 4 * C ^*4* b >4b W 4 V4* b V*i J * ^ j bob b *V X* V 44* W U> 4 ^ O OV V 4 4 4^ 0 

V* o 4* b 44 rib 4>4A » C U* Cri'b^/ Ox riObC 44 4 b> . b> 4 .0 44<^| 4 bOi 0 dC il CCl«ri>C S J 1* 4 C • 

28 '*■?=, O' ...... -• 

\ * W W V / * * b* 4^ 4riA4 W O b4 b b* b J 4 4 aW 


4. •' • “> 4 •• .« • *A f» * 'A •' 4. 4J» b 

w*4 Wob UbtlW* A Abb 4. 4b f «>b I * mi 

WbbAlliCb* • ■ J C 1 ill ^ At C A U« »S 4 A A Vri^J 44b rillrib 44444^ xCV C A *44 U44* M* Uib«4 ^ U *44 

- .•^4-':** - -A-.,...,-* ,„•.•■>. u v-— 

k*4 V b b 4 b V 44 w 4 b 4 a A b w» w « i Vb 4 a 4aa a V b 4A 4 4 m >4itb bri \lf ri» 4 A a 44A jj AriC* 0 A * 444 4* ^A*4 

• W A V O O 

A t V AAA 4^ 4 a A 4a <* V t A W b b 4 b 2 J 4* S C » b aV b bA A A bb b -jb » A44 b » • xy 0 X V ^ A b Vri b X X 4 C O 

M AAA b b < bb 44 A A A b A A 4A *4 4 A 44A b b ^S/bb AAA aaAaO 44 b 4 a A *) W*a | b / ^ 4 4 e U«« A A A A b 444 b Va 

that opera::: conditioning must he a very old and fundamental 


V-3 4 A e A CbxA^f id p e CaaV 4 ti.^ j X 4 A 4l b» a* 4 O W 4 ^4 bfc 44 a 44 4 W4tb A b ^ b 4 A 4 *b X U»aW W W 4* a A A b 4« ^‘ 

A* VW b* A b O \/ AA4 A 4 »a b 44 4 A a 4a AAA b b 4 4 * A b» bri AAA 4 a b A A b C d * a\ b ^b 4 4*«b4b W4>> 4ri 4 W 

4 

b 44Aj^ 4 AAA b w^4« 4 b O b 4« A 4* A A «*a4aa 4 a 4 Na ^4# ktb^A Ua b aCa>^ X C i^Vb 4»b b**> ^ 

unu expertm ent a- prcceaurcs ot utter cst tnat clear answers to 

4>Ub*« b Mbw 4Ab/ AAtls bbtA 4> b Wt/«4Attw'Ut 


a .? . U-^_ : 


A _ 4 




.e elective c: "ibis stage is to push response parameters, sutgry ana 
:ed combinations, to their upper and lower limits. 

It is at this point that the differences between operant and respondent 
w ..e^rs m o o . cr.*.zc£&^xy on .. * » e pro^.w'S^ci re^e^ren. . . 1 y O-^u— » . l 

M. • a. _ ... 4 ^ : A A x\a - - A • ^ t y ^ _ II 

V4 b b b b 44 a bd *j X bV aVaC 44 a b» b b U**U Ub^A b b U 4 bb4« aa bA itCbbdOX* ^ 4 O StAXbb , 

responses in the desired manner. The main procedure available for this 

II - . A A . .. |t . . .4 

jbo C| a A 4A4A4 c iy x copo nsc c.i.c* Ciiuxdwioii) - cOA.oiotd m <x^rw x n^ rc*.440A c c... b«*»> 

contingent upon the emission of responses progressively approximating the 
desired values. (See for example, the oft-quoted study of I-Iays and Woodbury, 
initially reported by Hull. ^ ^ . In addition, the manipulation of reinforcement 
schedules (Ferster and Skinner 29) c - n b e used to "compress'* two or more 

bAWbA 44 C a bOObiASCd X 4 4 b X Xa 4 C • 'I ' X 


, On the other hand, the control over the parameters of those responses 
which ear. be conditioned only rcspoadcr.tly, .is generally limited to those 
variations in magnitude and latency associated with changes in the intensity, 
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... j : ^ . i : 


rc- zo.iso variations v;.::cr. accompany . . 

Serve to define the dynamic range to the extent that suen aezmiucn zs pc^sia.^ 

v/ith r c spans cs accessible enzy zo Pavzcvzan .een...^~es. 


r-v v ■* — - \r'* - p rl* ^ cil “■ S lOr* c: 00*lC3Ow& cs*aCI C i»**Owi d *.* *c* w »Vc. 

^ m + WW^C*** \* 4. ••• Cm V» •-> w »^w w .• w * 

v/c-lc CSC to determine the kina cab degree of behavioral control zccc ccu.c^ce 
- • ■'•‘cvcd over zb c electric responses of scleczcb species, mzs czes.^c \Ve.s 

. ~ ’ -. c"- ~ — -' r.y~~ ' v’ •*■’ en ere accizcaoec in eaca ease. *.»*c 

COCrCZ-CCe .e ve» e* - v -“ — -- ^ 

procedure for getting zee necessary information zavervea straying zr.e c-.ec- 


eliciiing, “unconditioned " stimuli for zbe electrical response as may exzsz; 
2 nd. azzazv.pzing zo conbizion zbe electrical response cperamly, responacnz.y, 
or aozm as appropriate. 

The method of exploring the dynamic range of electrical responses was 
seen to depend critically upon the type of conditioning operations to wnzen me 

These two efforts --determining the set of conditioning operations 
aoclicable in each case and using this information to ascertain the .m..m w.m 
raezeez to selected response parameters-- are the core 01 tne mentioned - 

Zi 3S* c.vi o r* Cm* irsSwS.^rc*'.. • 


1 



cb'act identification, warding and other iatraspecies 
thresholds of electrical reception, receptor -ocatic; 


c omm u me at i o n s , 
and certain. aci.»it.on»»,i 






r^ssirstiv* studies la ouch of those crocs are describee below. 








G yin notidae, Zhectrv 
ak olecirica- 


raanonVaa for direction finding and navigational purposes. Studies such as tne 


Obh tao-o avoicance .ea.j . 
,l’/c c s avoia a...-c.‘. 

C.l C.l’- 11 -Cj, 


Tne tact mat e_o c — -Oc-^^y ^ 


■a m a^ ‘.*'-1 ..we. — j 


.si 


m aa.s a..c 




•-■■ ..i C.-.J-'-'J - J . ,, „■ 

r^rrrr^^. Ac=crdin-ly, malci wires 
-rnb- hcriccniciiy, acrocs a 


to swim threugn. Tne cia...eter , 


Contacts v.'ith tne wir 


TTl 


-■-d counted as errors. E-~- 

r*.-.---- “'--au'diGut. An essential feature of suen experimentation i» «•;*'< 
-^ef^^-min^ion, or control, of all extraneous (including non-electric^) 
:;rS nithi possibly be useful to the organism in avoiding tne oostac.es 

Classman and hlachin 33 ). 

-•- --•-try value of such a study would probably be as a demonstration 
« £h actua n y does use its electrical system for navigations. 
-—no4sV* Scores obtained in the test situation could also be usea to co -?^ re 

—ce o-' the same fish under different conditions, as .or cxa....^, 

to ''assess* oe rtor mane e decrements associated with experimemal^ 

— - 2 A or isolation of the electroreceptor inaction. Or. me o...u ; 
likplricocc based or. scores attained by fish differin'; in sice, species. a..d 

oerhaos other factors would be somewhat ten-cm. . 

« • 

Directional adjustments in output. The possibility that the cioctTicz^ 
cutout pattern is adjusted directionally to the location Ox the targe. 


lectrical responses and 


--VUlC So .JldC-dc 

..ciivity would be- 
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7.* 1 ^ « V. v/l'tn. Ci*c>w bit w > *0 • j C \ w •— wa **»>*• *»>** aL v 0 • ^ • , 

\_; vm a c\. u s d i* o j> o y a.*w cripu*xs »c \0» , Stc* »**-»! ^*- Uo o . * s ) * csponsc^* 

**niS could oc cone oy developing u -cchmcuc i or* mti Geuemg 4 SupmxiA*A*nwx 
objects 'o.g., rnezai slugs) cl carefully selected poirus in the space around 
the fish, v/ith suitable precautions to preclude extraneous cues, and 

wic*«v»»»r« j ».'. c w*cc>ncu. r us oon»j e ^m«»w4 i *4j> 4^-» *-%s *«*'■' 

_ Tj -~* T . Ci r. * v aa~ pernap^ na^^rs*/ v * v**u ^ w.***u*ui vo» 


Ch~cct sennr avion thresholds . Another assessment of the resolving 
newer of the receptor system might consist in t mining the animal to discrim- 
inate between the presentation of a single cylindrical object and two soatialiv 

a cu ar n-ou .. M .. - cyi.i..i..crbt * jo » s 4*1 c* i*o» « ^ o 4 * ^04 ^ *<*i * e 4 x 4 o*Ujj.» i>*io 

center 0 * cne vOcany or par wiaily con-»neva ^ * ^n *— nu c^^.o.4S *ro *n i*s 

\‘l' «, Ma> ^ C**W M V^i« A «tw l‘/v4**U «-/ W 4« tak«*4VM <• U *4*W40 b4»W 4 O W %**• W\* 

a:sc r urn mar. v e response to stimuli presentee a * any one o* tne mrce seiec*.cc 

. ^ ^ -4 4< w t — aaa ^ V* _ ajt W A •4>4 4>*4<av a 0 44 »4 M>44**>^ V4444 4>/ V li>» VV ^ 4 • ^ ^ OO 4 « V4 4 V ^O 4 * 4 »*p 
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b4iC 4 44 ^ I 
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c\u.nwwr <e r o *.<44Vvw/ 
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scruencea v/* 
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4.V>>4 M4.4.W/ 44 4 4 

J *4 


• V 4 4 44 44 " ^ V 4 4 4 4 44 V* -4 ad • 4^ 4 4 4 4 4 44 4 ^4 • 

W O %.y^O C \Cl..*^4t 

**" J ***al'y ire iv/o half 
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one oi me tare o * c . r. . s a. 4 a ...c ■»»»- 4 * o « 0 ** 3 V 44 »ccu «» o o *.2 

or the other, parallel to the surface of the fish. The displaced half would oe .. 

W4*ll * ■■.'!« 0 -v ,vJ 1* »G on*-i .eC^.du C-'-w-C j* C4* •*»'- oO.Cw^wu 4 4 » w , t** w <b j».s4.fc4U4.4** 0 

ar w ivviw 4 »i * *.c o*>bpua4. 4*4*e.4 4444 e o- . o 4 . w w bu-u o w o 4 ^ 4 4 44 J 4 - o a oy p 10 c c - n ^ xo g 
latency iSchlosberg and Solomon 34; Zlachwell and Schlosberg 35) ? cr other 

acorocnaze response m luburc^ a^c-ifiot sepc^r utiO** diwka44Cc *.or e&cn o* 

mreo aomis* oaser^/aole oenavicrs v/ij. 1 also cnc.nge *-4.ro una the ^nr e ^4iOi g w *. 


iiserimination ^s.vlov^®’).. 




ct ^.aenttitcatton 


It has been seriously sugges-; 


the 


that weak electric fish may use 
electrical process for species, perhaps even for sex, recognition. It would 
not ne a.tttcutt ^tnoorotica—lyy *. o ecw^c cxpcrin.c...^ . o t*.c^c nyp*-*i..*c^a-o. 

Some minimum data bearing ora species and sex recognition could be initially 

l_‘ w -J , -.f M ^ v/ V V ^ 4 M W4 »444*wd 'Jk C k)Oi4« «i,\.4.4 ad ^ iV 4> 4*4 !>•* b 0 W 4il S V» 0 4 0 l» 4 A X' 2 i> U^4 4 ^ ^ • 

After this has been done, the other experiments could follow. 


It v/ili be relatively simple, on the othe*r hand, to develop an adaptation 
of Kellogg's preferred food identification test. 
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The assertion that a particular species utilizes warning signal imp^ico 


member oi the spec 


ies, when presented with a negative (primary 


or 






‘ ]. .y WWW.* W >. w ^ / *■ W <s *• *•* • 

other members of the same species respena appropna.cly. T 
ibnieie “ monies oi speeme sounns to rape- s-um.-^a ..... e. j i --‘ 


L/ • « « * _w * * 


r >' , he Fringe - 


generalized to 


the method v/ith primary rcinforcers. The technique can be 
include a wide range of stimulus presentations to a nsn v/nose sig..ci ou.pu. 


mangos m me e.e ctr ic C j. cm.S;j.o..s, 


u * jl aw< 


feV .wV; Or Ww*4C* 


« a j * t*«*»d*5 w w u*u 




4. Co bi C*Cu W«*U 


r odv<TCt\<u» w • iw»»*^ < 

\ .or 4 OlMiC* 444^*4 b «• .4*i 

^ - — . — 2j,' 2 g ruar.titiveiy and c ualiiativo-y v/im me responses .o s b..*iU . .o .. c 

” w w V V W 0*4* do U4 J wW Wiid *•* W • 


— - way. 


- •- 38 , - 

W..... ...» ' - > - ^ •— 


teehnirue to many me enact on an *e. 

ana -/.miner ^9) response. ...a .»»e ^q—u».-o. 


* • f T“* 

~ H * 

bO. oou \x 4. » 


O . w « 4 sJ V. dk Vb Ol 


r c. » w or o 


- • • - . _ • „ - ■* »• .4 . a <4a • ^ * *** O * 

.IGC.'Z lw .-id C'idWk V * . - q - Mk } w*»d«i — 'V wWkXo.4> «ww.44.U 


— an annieiy u. reducing stimulus v e.cnoenie.c ^0). Tne s querns o* anot.-’u. /.*- 
'.u.-der ms eh thus seeame sufficient op* them ear/ os to aepreso ...o r — c v. - — 
•mossing. Fats not sc conditioned exhibited a temporary depression in 

-;..so rate, fallowing the initial presentations oi me squeaks, cm., vm-c.* 
ruicniv aaaotea out -- !, e. . ex.inguioned. 


r v, . 






■ There enists a ccm....iderable number of techniques which can be adapts; 


a » c Oi 


readily to me determination of electrical tr.resnolds tor any species sem 
for study. These techniques all involve conditioning me organism to rcw^w..k_ 
differently to the presence or absence of stimulation (absolute thresholds) or 
to two stimuli which differ with respect to some parameter vdi.j.erence mres- 
hoids', . Since mere is no restriction on the responses which can be linked 
a : ccr iminativeiy to stimulus -presence or to a particular parame.er-c.ij.e- env,e, 
any convenient ope rant or respoaaent may be cnose... . * 

Tor this reason, the question oi type oi conditioning opera. .o.., 
is so critical ia attempting to gain control-over a particular response, 
presents no problem at all for threshold determinations. Here, it is important 
only to select from the repertoire of the organism a response that is readily 
conditioned and easy to work with (record, quantize, etc), and one jvnica wiil^ 
no: contaminate the threshold determinations --e.g., by causing uhcontro.labie 
variations in the distance between the receptor and the stimulus -object,^ or 


veal ne 


iC. 


by otherwise inducing significant changes in the perceived electri 
Such decisions can be made best after one has had opportunity to observe, me 
conduct preliminary trials with a given species and organism. 
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-a. •* *■» ■« C \J * tf4»W 4» **• *<* 4 »'-* *1 jOtiUW'4*« k CV**4 «b W UC C 

which may be adapted to the task of determining absolute and differential 

.* * . v««cc»* bCw** a b»«»«uiMa»on tn £C*oC «Cu £s^.*jc.c^. 

1. Operant techniques. 

- . 33 , _ ... .-. . • . . . . 

w*m> w >••«** • v* u»»iwC yt4..<o»u o 0 »* oO bW *cwu v/ tiCn u s> wG w »o »*b»ry 

magnet was mounted just outside its aquarium. The prototype for 

for this widely used discrimination training procedure may be 


r ^ ^ _i _■ ^ I! ^ ^ ^ - u * _ . • _ •• 1 1 / . . . 

by S-', read and sometimes written as "essdee, " in this case the 

WlJ V** >bWkb *W4« 4. b«4 V b / b W 4 'O • « V M 4^ j' ^••4%tb ^CkkW U hbb b «'• f ba* W 

.“• ** * • ^ ” .yb * — ». a. ^ — ^rr“. ^ -. •» <“j ^ 1» a* •«.% ab> — * •«“ f* ^ ,”• *“ " 1 » *• ^ - <»■» *« » a 

b/a a L> W JO ..O U <J C - » «bb w ♦ t <y> . Wa,M W aaO*** > w .. . » .^ bO w*b'B«.t*4bb4>^>BA \ alb b V* Mb u ba a^ '/ 

* *1 a — * m m ~ ^ ~ m M w *^^a«'V»— ^*b^a**«»*a*b* " ^ ^ «•** 

^ -Tbj J in VbllbJ CaiC UpP^vCbClaa.*^ me b C CG / V/iaaCai m lliaT n IS lOiiOWCLl oy 
^^^aaa W' «a*a W>* * W aa*a W^A ^«a»a^ b) aaaaaM*! ^aaaUaW Cb kCtt *0 | 444 aaaahj 


.. mb U*» w »«a b* a U ^a / « 


a« • • » « t a • • • 0 »«• 

' •'“v *• .<“**“ ■*.»■■* * ■“ '.B •“ ♦«* », ~ ^ “«••«-. - <“, • • •»• ••- ^ wa M *a b. • .a ..a , ^ “b ^, <~ .^, * • • * * »«»_. 

a. 4aW ^ W W WaaVb aaaa^ • W J a. a. Va aa bO> ka« b aCaWb baabaa a W aa V^aaUBaaU t W> J ^b wvavaa baa..* VaaW 

a a ( 0*44 W 

feeder, etc.) in the absence of the magnet (S - ^, read and sometimes 

.‘# -. b b a 4 w* tD vOOb4 Vb aWba ^ ad .*» . 4 ^/mW VV n5 V*. *^'lj V J “*** / ^ ^ 4a4a Obi* Caaa Waak 

/c .Tt .• r. f r n -• 'l 

\w j -.. C, > iOCu^, 


The first process, reinforcement in the presence of strengthens 
the response to the point where the response rate increases even 
in the absence of the magnet {i. e. , in the S“ condition). This, of 
course, is '‘generalisation." The second process serves to 
emtngutsn respond rg m t.te o~“ concutten. .r^s a result ot these two 
processes operating concurrently, the animal learns to respond 
in the presence of the discriminative stimulus and not to respond 
in its absence. In a similar way, Dcteriine ^ conditioned African 
meuthbreeders to manipulate a lever, with the brighter of two lights 

CkO b Sc S ' . 


The following are illustrative of the numerous variations or. the 
general procedure which are possible. 

a. Instead of merely witholding (e.g., fGod) for resoonses 

O O ' * 

under S“, Lissman 00 punished such responses by chasing 
trie fish away from the food with a wire fork and, on occasions. 
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i*: s :- 4 was "knocked or. ike snout with one end of ta.s w.ro 
1‘ <. » p un =c!-in-' responses mode mine aoscncc 01 me 
iO^ : l.— - - c s- condition) is gencramy 

iis criminative s..=u wa n.-mirm 


discriminative * _--- - 

to bo avoided. It 


owning .o tn. 




end lies ur*c!csr r "- 


,le, "emotional" side effects. 


-- - r -- Y bo used without prolonged emotional 

‘sTf^r^rsot of responses, 

tvoiebsc* or toacdlato tcrrr.ir.o-.iOr. w ...cc._c.a l _ 

. . - - r. r. riVllVlCl* *v * - • 

^lOl**WWtd Ox O ' 

1.' W-. — O * C *»* 

positive reinforce 


^ sir..—- w ^ ‘* W “V .? - 

-■ — •■ -r"0' d c f bv the oro cur erne... o. <s. 
, -* — 1 - ' — “ ° - 


ilootoroli ar.d Sahlosberg 38 used tliis technique for doiorr.yIr.ir.;. 


% • r*^ 

vo oroCw* w *wo'C*« — 


• c* 


io c r u d o 




VCw *— 


shock when they crossea 


, - V„- '5—' but avoided this noxious stimulus 

o O* s— —wv- w ' - . 


% fffl? ?-1l - f zlne presentation c: a tone of one of several 
_/ w.w ““**‘'* 1 . log latency 01 rospc..~ea 

4 ;e._au..w.-i). x v— '- v - ; As a more 

were usee to i-*- — ....w ---- 
-scent example, Murphy and harms 

- y 43 ' -• ' 

^ c~ uA 
*10x0 Cx* 


sllUll-C CO--. 


adapted t.ie .v.ov/:v. /> - 
-O assess a-*a..o_ y «*** 


from head exposure to m-. 


- : * _ _ * ^ - -■-‘*-*2 SldllUl U £“prCoC‘*Clc V—* * *■*“'*'’* 

differ cm simUx. — * ^ 


nc oor • 


■•■'.s stimulus -aosence w i *'*■**•*• 

- Refs. 44 ; and 45) trained octcpi to attack one 
^r^omSAc figures (e. ,^»> ^ 

-Crfeet" responses- and, in some studies, _also use. ^ 

‘riV.l. to ro food for ''incorrect response, 

*v loticus to discriminate between two opac.-- 
trameu difl8riaff electrically because o; me 

containers l <Z5S -be, 0.2 cm diameter. The 

forced with food; an incorrect 
choice received the Ao-food-wire-fork-treatment. mentio..m 

earlier. / 

The Ratliff - 31ou ?h tcchnicue consists essentially m-rm..^ -a 
unlmal to on. respo^ ve. S- - rlrArco- 

prescnce of tho stteuius b «« «;“«* Knov.-r. 

rnent. Each suer, responsc -euenu^eb -.iC s Q a 
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t *1 X* Chy**OxC*, W* *C 


‘ W4 *o s - _* aai o.s^c.'^^vjc.r 1 o mCaOw w**c s 


'ill j*i u.i SUixvi# 10 LU^OwAtCr* 1' C S . -/ o . * S C V C • g • t cx 


C£> 


SCCOr.Ci xCVGl"*), O^/ x*»Cc«.**£> G* V**lx^*k Omw** *. uS*jC*iSG t»A*«^j**A* 

the signal in known increments. When the signal reappears 
(i. c. , reaches a suprathrcshold value), the animal returns to 
m w iirsi — c v c r , v/ncrc r c^ A -<o e o e *— -** * >-‘.**4^4 cca* 


1 3 an acanta*.iOn ox a SouiiCiArG psvcnop 4 ,*i^i»tCc*i 

* 1 • ■ % • , . • 1 J tm, 4 1 * • j It # ^ ^ ♦ ^^^44 4 

i 44 C*i«W'U Vui'i'jUljijf Cwk44.C 4-* to* *0 4*i^ hi40vi Ox *1*44..S O^ 

" C.ie ana rccc.n.V; .or r .» — »»^ 4 w y i»y v« oov-*vo* *** • *~*-w* 

Schlosherg the "method of minimal changes, and the 
meinoa oi senaj. eicoiG r a 4. ^ o n ^Wocaworxn i-i v/c^s G.»i jxuyou 

r. . . 47 ^ - ^ r _ v. . . -^-u . «• j. 

J ' '.'•'to *» •!> *0 • •*sJtotoWto«. O C»mU4WV^4 J to to A. Cl5»»Q4Uil *44 A* tototo * * *4«4 W • 


A •, A.* 

— o w J A. • W tok 4 . 4 . 


~ — ■*«.- -4 -* V 4. kA -to ^ • 4 V* ^ 4"A *••» * '.4 5 ,4 A ^ "'4 - * * * 1 

• J V/C* O. .. -"i -*i J C« 4 Vm 4 /wCUUi to L 4 * O O VaiAa. 4 » 4 U* 

man.niaaticn vji r o m « o r c w n c • > x mC^ccu.co c»**w 1**0 Oc 4 U 4 > 4 *i#»« 44 w* 4 i 

Ox Co.n v»vj »c r\^.*A.o. cc..*iv* 4 w 4 .u 4 iW 4 » 4 ^c*«c*^»oj *** 4 **^ ***q • *» *»x.*.w Co»* 

surging and perhaps beyond the capacity oi some species oi 

* 44 . V* W to> to to O « 44 .«r V^vU iw »«.4 


anou.a Oc iiuicuj 4 * c* v« ever, k**-*— . «, * 4 .c j* owOu«* * r v. 
tmed successfully v/ith pigeons (Autlii: and Plough^ , z:cugh 4 9) f 

• -.-_- v y..- --; 50) - r g starlings (Adler 

and Dalland 51). Threshold determinations are in terms of the-- 


» — - - 4 -W, 


• ••to*W to. ✓ W .* to*«~ .tototo^. to# to- W ** 4 ^. to* to# '-’••to 


(Trick 52) aspects ci changes in rate, percent occurrence, and 

. -_- w 4# jy ai. Cb J VomOw to to> U to— 4 4 to Cuk 4 n** 4 to^ 4 .» 44 ^ « A 44 W * *>* to 4 h> A to# to — — to ^ W. 

using this approach should be explored whenever operant pro-, 
cedures are oetng coeo-Cwt* cc * or - - - — ^^..o^w ex..e.*.^. 


oroceaures tor 


oi operar.t discrimination 
the determination oi absolute and diiiererkial thresholds. 


*1 ne tor 3 30 mg wit* sui.^ce uO ^4^L40wr*.i.e <. * * e u^e 


M* *«0to» v04*U V 444 ) 4 lVW 4 « 4 **V> UCtol* 


An experiment included in hlcCieary's study oi interocuiar transier 
provides a recent example oi the use oi respondent techniques for 
threshold measurements in iish. The typical Pavlovian (Pavlov 3fc> ) 
astern for discrimination training will be recognized in the ioiiov/im 
epresentation o: klcCleary's procedure: 

A 
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aiiioaed and “.hi uaccr.ditionca responses in 

With fish, there is the additional fact that the heart has only vag«ui 1 
innervation. As one v/ouea expect, ....s .’co^o..a2 ge..>-- ■i—.-.'-S 
second lure (L 2 ), as shown on the right side of the d *=-S™ ^ ^ 
-resentin';- L 2 alone, i. e. , without -shock, in a rando... sequence ^ 
with the regular conditioning trials, the conditioned response to j-i 
is strengthened while that to L 2 dirninisaes, and the tisn ccm.es -o 
re so end discriminatively to the two lures. 


The same basic procedure can be used to estaoltsn a respoaac... ^ 
discrimination between two stimuli, differing only :n some parr.cu.ar 
parameter (difference thresholds) or between stimulus -presence a 
stimulus-absence (absolute times holds). (For several examples, 

c--.^ i 23 ) 

• i o* t • / 
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Unconditioned responses to test stimuli nave ai^o been use£. Ku. od- 
looked for respiration changes in newts as an indication o: sensitivity 
to such stimuli as pistol shots, tuning 10ms and whistles. . ur *^* ^ 
and Harris ^2 investigated the pinna reflex to sound in tne rat,^ witn 
at least as good repeatability as in -the normal human audiogra.... 
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with movement through the tank. 


_ J _ * C*. J> ' w ~** 

As more is learned about the location and structure o: tne electrical 


’ -- • . U - -- - ’^^c: 54 — • 3- 55 

•.he investigation of the eye and optic leoes in tne cntck cnooryo oy^ 
Peters, et al. ; 56 and the work of Dr. .-.chert Doty. Pro:essor at 
p c- ' ■ e r for Brain Research at the university oi rtocnes.er, yro- 


V*uC C*X j <~S.-C — ^ ** •_ 


,*4,15 « w *. 


o**‘ “ ^ Studies 


CL W ^ ’W Cm 4. 


*0 Oc li*wCC Cihw***^ • 


Bmerinents necessary to clarify the results o: the mam uves.^-- 
ticn. including those control studies mentioned m tne :olj.cv/...g 
section on B up e r in e n . al -^es.^-.s. . , 

B::o crime nts which repeat, with the species and responses incluaee 
in the main investigation, a good-crcss-section of the prototypical 
e- car inerts conducted in the "animal laboratory. The results* 
would provide additional data on the phylogenetic generality c: 
conditioning operations, data and relationships obtained v/ttn ctr.cr, 
usually higher, organisms. A 
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,. a** k.' roi luOa.aly 0 l. Liaa^a a'c aLaaCCa L O Oa a. X a’ i^**a L aCaat.a C 0 1 1 C a'u ia a D ."a .'s ha 2 t O 

be established appropriately, using the best techniques available in each set 
of clro unto .anc os . This would always involve careful analysis of the "process" 
ana or Investigation, identification c: the relevant variables, a proper choice 

to/ M g * » C •« j. W u Om* C b v U ^ w« Hi k ■ O* C O X C 0 •* 0> J v**i« visS# w v ^ U • a m V »»w w* * a to* » * 4 G v 14 U C 


V*** A.«*w. 


les, selection of variables to be controlled or randomized, the remove 
r.d other experimental procedures and techniques. 


W • 00 to* V . a W • * « i. U* to 


lO C 4 X Oj» Vc»A *{^*aCC£» fcW A C*i*^VO O* ^W»*HW 


«*• 


Some problems can be anticipated zlcr.g these lines. 


O' bw W * W W 2 «M W Vk t * Wk »j * 'b V* M* ^ *•>* V «• )> *ut * 


For example, with 


»v to* — v* w *0. 


, — i- 

Jr • 


«. It 


sub'eets” which can be used in a giver, experiment. This will 

w <3 • 

C*'»W»«*wC • — Uk.A tolwtotoW*.to*Wto aa*****^ '■< / -» ***C + + 0 «0* .. . to* 0 «.a*V^«w* 

•to to - -to - » to” - ••••-** * t* -.»••* tol £ ,« »■ * • — * • £• •* ^ to” *■* V» *■ **■ «* **» ^ — "to •• ^ ~ ,<*■ -%*«.***".»* 

• >* V ••»»»» . * » g* k V 4«V> .44 (JM^44 M kt>'*t«U>' U> • V * 4 '•> >« w V>a^ VWOio* la»44 C* • • to 
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Zrxo* a- a V- ssev 52 - ... 53 ~ 64 p • 61 

■*-'— C—.a. .(aa-jOU^, .a*" >— * k. to. W — •-.., .'.^.a.va.aa'a a.^, 

- ..-. . 62 - .-• ■ 


Cox, 51 


W >b '* > 


•,•■ •* , ^ '• *■ to* * -. • *. • * -*>— p *• •* •“ «*» ", ~ 

w to n »«4 to/ <*• A * W w O) W 4*« A * A lb Wk •■*..» ^ * * >*» ki * , - • *> to to* 4 * W to* O • *0 w • * ** to 

cCaCa* iriu*VkwUul to Serve Gd ow *a Cu»*krOt; 
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W O to** 44 W V to ^ ton kk» O' k«* m) J Uk . to O. to 4/ to/ to* • ' 

Forster and Skinner, 


C'.-^^-^a 1 

S to* • to to* to * to to/*V to* to* *^» to J 


to. toto.C . 


to to to to> .V -to to* w w * ^ ** w V/ * to to C ,4 CiS sign ^4 O to/ Ct Dlli-S 0*^to> V/ fti i t* * to i>CCd 1*0 ti. !Za OCa v *to/ **g? to CaU’V ** *«v 


» *d » *•>* v **>* 


.O *WtoC ^ &*to.w»to 

• cr i 


^ — <3toC^X'Gtto0c? W i aIj O * cOc*to A/ 0 o * lwa toitv'a 


Aaathcr problem which may 


.s failure to achieve any form 


encounterea 

of control over the occurrence of, or. over the parametric variations in, the 
electrical response of a given species. This would represent the most diffic..lt 
outcome to interpret and would raise such questions as: Wore the reinforce- 
ments, ether stimuli, etc., appropriate to *.he organism? Was the emotional 
or physical condition of the organism such as to adversely affect learning? 

Was the task set to the organism, too difficult --i. e. , would some other choice 
have worked out differently? Were the environmental conditions and other 
laboratory arrangements unsuitable in any way? Were the conditioning techniques 

00 atoto* V to C 4 A VAy Cto to C* M • A—J L C * 


co r*ox’c vo r*vn^s \v i - 


ganisms’- behavior in the course of nttemptin 
usually provide seme relevant evidence. 


/CtolTcXu*. 00 Sc I* V £*T 1. 0 44 OX VtoTc O 
• *\ ? 


In addition, it will be highly desirable, with every species, to select 
a convenient respondent (e.g. , bicCieary54) . p.nd a convenient operant response 


t •. 


' • o 


. , Bently, 
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Deterline ) * 0 serve as a kind of control. Then, if a 


particular conditioning paradigm fails. to yield the expected results, as applied 
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III. 


PROPOSED BEHAVIORAL STUDY OF ELECTRIC FISHES WITH 
EMPHASIS ON OBJECT DETECTION, LOCATION, AND IDENTIFI- 
CATION (PHASE I) 

Three different kind of experiments are proposed with the aim 
to assess the ability of electric fishes to detect, locate and identify objects 
underwater. The first system is designed to use as a subject, a weak 
fresh-water African electric fish Gymnarchus niloticus . A maze has been 
designed (Figure 1) to be built in a water tank of 12 feet in diameter and 
4 feet in height. The maze has two channels supported by bars on the tank. 
The fish located at C will be presented with a stimulus in the form of 
objects (metallic, nonmetallic, magnetic and nonmagnetic) of different 
sizes either moved from D to E or from E to D. The reaction of the fish 
and its choice of the channel will indicate how well the subject would detect 
different objects of different textures and sizes. The fishes are freely 
swimming. The second system , (Figure 2) is designed to prove the ability 
of electric fishes to avoid obstacles like fine aluminum wire or nylon thread. 
The African electric fish Gymnarchus niloticus and the South-A merican 
electric fish Sternarchus albifrons would be used. Both fishes are blind and 
use their electric transmitting-receiving system for navigation. Gymnarchus 
has a very steady frequency (around 300 Hz) and Sternarchus has a steady 
frequency (around 750 Hz) provided the water temperature is held constant. 
The fishes would be presented with stimuli (attractants and repellents) and 
their behavior will be monitored by filming it. The fishes are freely swim- 
ming. The third system is designed for variable rate of pulses electric 
fish species like the South American fish Gymnotus carapo or the African 
fish Gnathonemus petersii. The subject will be confined to plexiglass tube 
with holes and two electrodes (at the head and at the tail). The impulses 
emitted by these fishes will be amplified and monitored witl; an oscillo- 

A 

scope and a frequency counter. Objects (metallic and nonmetallic) of 
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different sizes would be presented from different distances and their effect 
on the fishes pulse rate will be recorded. Graphs will be plotted relating 
material, size, and distance to the pulse rate as compared with the steady- 
state pulse rate. These fishes increase the pulse rate when an object 
disturbs their electric field generated by the transmitting organ and re- 
ceived by the electroreceptors in the skin of the fish. 

It is hoped that these three sets of experiments will show the 
sensitivity and range of detection of different objects by electric fishes. 
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Maze for Behavior and Object Location Experiments with Electric Fishes 
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Wire Maze for Behavioral Experiments and Object Avoidance by Electric Fishes 
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IV. AN EXAMPLE OF HARDWARE ANALOGUE EXPERIMENT TO 

SIMULATE OBJECT DETECTION BY ELECTRIC FISH (PHASE HI) 

It is possible to simulate an equivalent sensory system of electric 
fishes responding to different stimuli underwater. A system with a double 
feedback mechanism can be envisaged: (1) one represented by a constant 
frequency electric field transmitting system operating on the phase-syn- 
chronous electroreceptors responding to discontinuities in the electric 
field or to changes in the phase relationship transmitter-receptor; and 
(2) another one represented by a variable frequency transmitting system 
responding to disturbances in the field between transmitter and receptor 
with a change of the frequency- of die transmitting electric organ. To this 
we could add an independent dual autorhythmic receptor system: (a) re- 
sponding with the increase or decrease of the authorhythmic frequency 
depending on movement direction of the disturbance in the electric field; 
and (b) responding with a change in the latency depending on the magnitude 
of the disturbance, and also distinguishing between conductive and non- 
conductive objects. 

A simulation of the electric fish object detection system would 
make it possible to find out how models of the physical analogs of the 
sensors could be integrated in object or organism location, detection 
and identification. The range and sensitivity of the system could be assess- 
ed and improvements could be made. As a first step toward this simulation 
we present a measurement plan for an experiment in Phase HI of our 
investigation, to build and check the first of the above mentioned mech- 
anisms for detecting, locating, and identifying objects underwater by 
means of a phase detector system sensitive to changes produced by dis- 
continuities in the electromagnetic field. 

JL 

Systems and equipment for detection and location of objects in a sea 
water or freshwater medium have to be designed from the standpoint that the 
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medium is lossy and has a high dielectric constant. Consequently, the 
wavelength of a signal transmitted through the water medium is different 
that that of a signal of. the same frequency transmitted through free space. 
Attenuation and scattering are also different from the values for free space. 

The advantage of using a phase comparison, position determin- 
ing system is evident because the precision of our measurements depend 
on the phase measurement precision capabilities independently of the 
frequency used. This gives us the possibility of using low frequency com- 
bined with a highly accurate phase measurement. 

In free space we have the well-known relation between the speed 
of light c, the frequency of an electromagnetic wave being propagated f, 
and its wavelength 


c = f * A (for all X in free space) 

In seawater, this formula cannot be used because the propagation 
velocity of an electromagnetic wave is different than the value of c in free 
space. Moreover, the propagation velocity in water changes with frequency 
and is not a constant. It is represented by the relation 

s = F ' X ’ where S = Function (A**) 

** s = speed of propagation in water dependent on the electrolyte medium, 
f = frequency (Hz) 

A’ = wavelength in water (meters) 

The signal travels a distance D in the time T where: 


* 

* Taken from D. L. Nichols reports from the U.S. Navy Underwater 
Sound Laboratory, New London, Connecticut. 


40 



s.is dependent of f and A'. With respect to time zero the phase of the 
:rated signal advances through the angle 2 tt fT. The received signal tlflervefore 
j behand the signal at the signal generator by 2 ir fT. If this phase lag could 
measured, the range could be calculated. The basic equation for phase- 
nparison distance measurement is 

D 

p =2 tt£T = 27rf 

s 

.ere 9 is the measured phase difference between the reference signal and the 
gnal which has traversed the distance to be measured. In terms of the 

stance traveled, s p 

D = = 

2ir f 2n 

J hase measurement can be based on: (1) the multiplication of two cosines 
or sines) and integration over one period of the function; or, (2) by determining 
;he instants at which the reference and .text signal cross zero in the same direction 
and measuring the time between the zero crossings. The phase angle is then 
2 tt£ T, where T is the time between zero crossings. 

We have chosen some hypothetical parameters for a phase disturbance 
detection and location system. The values chosen may have to be modified 
according to our findings during checking, experimenting, and making measure- 
ments in a scaled model in fresh water, sea water, and mixed fresh and seawater. 
The parameters for our system that have to be scaled down are: 

Transmitter: f = frequency = chosen between 5000 Hz and 1000 Hz 

4, = length of the antenna made of a water column in sea water = 
between 22 m and 50 m 

p = endplates for the antenna feeding between 25 and 50 cm diam. , 
silver silver chloride plates on Monel-metal 1/S in, thickness; 
plates will be fed by coaxial cable in a coppertubc 1/2 in. diam. 
1/16 in. wall thickness sprayed with a teflon coaling of minimum 1/32 in. thickness. 
Transmitter power effective delivered at the endplates = 1 kW. Transmitter 
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) be in a screened room, double copper mesh, with a good ground to an 
endent ground. Transmitter has to be crystal controlled. "" 

.ntenna depth = 3 to 5 m under the surface of sea level. 

lecei vers: Instead of dipole antennas, low-loss toroids will be used, tuned 

to between 5000 Hz and 1000 Hz frequency fed into matched lines 
and to low-noise linear amplifiers. The amplifiers have to be non- 
phase distort type. Phase active networks connected to the ampli- 
fier will correct for exact 1S0° phase opposition of the toroids' 
output. The output from the phase-corrective networks will be 
fed into a variable high-gain (decade amplifier) differential 
amplifier where the output will be monitored by a scope and a 

t 

null detector. Differences of 0.001% may be possible to be 
detected at the highest gain.- 

Scaled Model: George Swain* tried an experimental toroidal antenna 

scaled to small diameters for frequencies of 1. 5, 

2. 0, 3. 0, 4. 0 and 7. 0 MHz in a solution of NaCl 
of 0.285 moles per liter and a conductivity of 
2. 8 mhos per meter at 25° C in a tank 3. 5 m in 
diameter and . 55 cm deep. 


George R. Swain: Antennas in or at the Surface of a Conducting Medium at 
'LF, Report EE-116 of the E. E. S. Univ. of New Mexico, Albaqucrque, 

'. M. (1964). 
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t is proposed to use a plastic tank 12 ft. in diameter and 4 ft. deep fo~ 
ed down experiment with fresh and seawater. 

We will increase the frequency to 400 kHz corresponding to a wavelength 
vater of 2.25 m; also ten times smaller than one of the hypothetical values. 

; endplates of the antenna will be 8 cm in diameter (about 1/10 of the surface 
the hypothetical plates). The power of the transmitter will be decreased 
100 W at the end plates. Antenna should be submerged to a depth of from 
< to 50 cm. 

Receiver antenna will be made of corresponding toroids for the frequency 
£ 400 kHz. The ratio of the attenuation between a signal of 5000 Hz at 22 m 
nd 400 KHz at 2. 2 m distance will be calculated and the factor applied to the 
•esults of the measurement. 

A piece of cotton filled, cotton covered, and partly isolated cotton body 
with a volume of one -tenth that of a human body and with similar conductance 
will be used to find out the phase deviation produced in the field in different 
positions between the transmitter and the receiver antennas at different depths. 

A device for making artificial measurable waves on the water surface 
will be used to produce scaled down waves. 

A random-noise generator will be used to simulate natural noise which 
will be added to the signal for different S/N ratios. Polarization and position 
change of the toroids will be checked to find out if it is possible to reduce 
the unwanted effects of water movement and noise. 

The temperature and the salinity with respect to the conductivity of the 
water will be continuously monitored and recorded during experiments. 

Receiver and transmitter antenna will be checked under steady positions 

and small movements to determine the effect of moving the antennas on the 

* 
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:>nse of the system. Q-factor of the toroids in air, freshwater, and 
ater will be measured. The ratio between deviation produced by waves 
or noise and the one produced by the object will be determined in order 
ecide if a full-scale experiment is warranted. 
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